Objective. To compare the measurement properties of the HAQ disability index (HAQ-DI), HAQ-II and short form 36 physical functioning scale (PF-10) in patients with gout.
Introduction
Functional disability is an important domain for outcome measurement in gout [1, 2] . However, there is a paucity of validated outcome measures for patients with gout in general [1, 3] , and only few studies have specifically examined the psychometric properties of physical disability measures.
Most studies that have measured disability in gout have used the generic HAQ disability index (HAQ-DI) or short form 36 (SF-36) physical functioning scale (PF-10). However, only one study briefly examined the measurement properties of the PF-10 in patients with gout and did not report any detailed results [4] . The HAQ-DI was more thoroughly validated in two recent studies, which both concluded that it was a valid and reliable measure of gout-related functional disability [5, 6] . However, high ceiling effects were observed with, respectively, 42.2 and 20.5% of the patients scoring no disability. Moreover, similar high ceiling effects were found in observational studies of both chronic stable gout [7] and treatment-failure gout patients [8] . High ceiling effects indicate that items may be missing at the upper end of the scale, suggesting limited content validity and responsiveness [9] . Consequently, Taylor et al. [6] suggested that the more robust HAQ-II should be evaluated as a possible alternative scale for measuring functional status in gout.
To date, no studies have simultaneously examined the measurement properties of the HAQ-DI, HAQ-II and PF-10 for measuring functional disability in gout. Therefore, the aim of this study was to compare the reliability and validity of all three measures in a cross-sectional sample of patients with gout.
Methods

Patients
Respondents for the study were recruited during several waves of data collection in the period between 2005 and 2008 at our outpatient clinic for rheumatology in Enschede, the Netherlands. Details about the study design have been reported elsewhere [10] . According to the Dutch law for medical research with humans [Wet Medisch-wetenschappelijk onderzoek met Mensen (WMO)], approval by an ethics committee was not necessary for this survey study. In total, 102 patients with gout were included, of whom 97 completed all three measures. The diagnosis of gout was confirmed by identification of urate crystals in SF or material aspirated from tophi in 80% of the patients and by elevated serum urate (normal range 0.200.40 mmol/l) in 20% of the patients.
Measures
The HAQ-DI contains 20 items measuring physical disabilities over the past week in eight categories of daily living [11] . Items are scored on a 4-point rating scale from 0 (without any difficulty) to 3 (unable to do). A total score is calculated by averaging the highest score in each category (corrected for the use of aids and devices) if at least six categories are completed.
The HAQ-II was developed to address some of the problems of the HAQ-DI in RA, including its marked ceiling effect in patients with lower levels of disability [12] . Like the HAQ-DI, the HAQ-II is a generic questionnaire in the sense that it assesses physical disability in general and does not focus on specific disease-associated impairments. It consists of 10 items, 5 of which stem directly from the HAQ-DI. The HAQ-II is scored by taking the mean of the items if at least eight items are completed, also resulting in a score from 0 to 3, with higher scores indicating more disability.
The generic SF-36 version 2.0 is a multidimensional questionnaire assessing different aspects of health represented in eight scales [13] . Its 10-item physical functioning scale measures current limitations in a variety of physical activities [14] . Items are scored from 1 (yes, limited a lot) to 3 (no, not limited at all). Scores on the PF-10 items are summed and linearly transformed to range between 0 and 100, with higher scores indicating better functioning.
Additionally, patient-reported pain and general health were assessed on 11-point numerical rating scales (NRSs) ranging from 0 ('no pain' or 'very good') to 10 ('unbearable pain' or 'very bad').
Analyses
Missing values for individual items were low, ranging from 0 to 5.2% for the HAQ-DI, from 0 to 4.1% for the HAQ-II, and from 0 to 6.2% for the PF-10. Use of the standard scoring methods [12, 15, 16] , resulted in no missing values for total scores.
Internal consistency of the scales was assessed by Cronbach's a coefficients, where values 50.70 were considered adequate for group comparisons and values between 0.90 and 0.95 for individual comparisons [17] . For concurrent validity, it was hypothesized that the scales should be at least strongly intercorrelated. As a first test of construct validity, the convergence and divergence of the scales with other aspects of health as measured by the SF-36 were examined. It was hypothesized that an adequate measure of disability should be strongly related to other aspects of physical and general health, moderately to aspects that may be a combination of physical and psychosocial factors and weakly to psychosocial aspects of health. For both analyses, a Spearman correlation coefficient of 0.200.39 was regarded as weak, 0.400.59 as moderate, 0.600.79 as strong and 0.801.0 as very strong [18] . Secondly, the relative efficiency of the scales in discriminating between groups based on self-reported general health (Item 1 from the SF-36) was examined using one-way analysis of variance (ANOVA) tests [19] . Given that only two and five patients reported excellent or poor health, respectively, responses of excellent and very good and fair and poor were collapsed into single categories. It was hypothesized that poorer levels of health should be associated with increasingly worse disability scores. For the purposes of comparison, relative validity (RV) coefficients for the HAQ-II and PF-10 as compared with the HAQ-DI were computed. Finally, distributional properties of the scale scores were examined to identify possible floor and ceiling effects. Floor or ceiling effects were considered to be present if >15% of the patients scored the worst or best possible physical function score, respectively.
Results
Mean (S.D.) age and disease duration of the patients (females/males: 17/80) were 58.9 (12.5) and 7.2 (8.9) years, respectively. The mean most recent serum urate value was 0.45 (0.12) mmol/l and 33% of the patients had tophi at the time of the study. Average NRS pain and general health scores were 4.46 (3.19) (Table 1) . Additionally, they demonstrated a pattern of correlations similar to other aspects of health (Table 1) . Most correlations were of the expected magnitude, although the association with role-emotional problems was somewhat stronger than expected for all measures. Likewise, all measures were able to significantly discriminate between different levels of general health ( Table 2) . As expected, disability scores on the HAQ versions gradually increased in patient groups with worse levels of health. The PF-10 performed somewhat worse, as represented by a slightly higher mean score in the good health category than in the excellentvery good health category and a lower RV value.
High ceiling effects were observed for the HAQ-DI and HAQ-II with, respectively, 34.0 and 25.8% of the patients scoring no disability, compared with only 7.2% of the patients scoring perfect functioning on the PF-10. Floor effects were negligible for all scales (HAQ-DI: 1.0%; HAQ-II: 1.0%; PF-10: 3.1%).
Discussion
Few patient-reported outcome measures have been thoroughly validated for use in patients with gout. Recently, the Gout Assessment Questionnaire (GAQ) was developed to measure gout-related quality of life [20] . Although the GAQ demonstrated promising psychometric properties, it does not contain a separate subscale for functional disability. Moreover, in order to compare the impact of gout with that of other conditions, more generic measures are still needed. In this study, we compared the reliability and validity of the generic HAQ-DI, HAQ-II and PF-10.
The scales were highly intercorrelated, indicating that they measure a similar construct. Moreover, they demonstrated sufficient reliability for use in individual-level analyses. Finally, all measures largely demonstrated the expected pattern of correlations with other aspects of health and the ability to discriminate between different levels of health. Consequently, the results provide preliminary support for their reliable and valid use in measuring physical disability in gout. Psychometric properties of the HAQ-DI and HAQ-II were extremely similar. Given that the HAQ-II is shorter and easier to score, it may be an attractive alternative to the HAQ-DI.
However, the ceiling effects of both HAQ versions suggests that they may be measuring too many activities of daily living that are not relevant or too easy to perform for patients with gout. The proportion of patients scoring perfect functioning was well above the commonly accepted criterion of 15% for both scales [9] . This also makes these measures theoretically less suitable for intervention studies, because they may not be able to detect improvement in a large proportion of patients. The observed ceiling effect of the HAQ-DI is consistent with previous findings in gout [58] . More surprisingly, the HAQ-II, which was specifically developed to overcome this problem by including more difficult activities, also demonstrated a high ceiling effect.
The PF-10 did not have a ceiling effect, but demonstrated lower validity in discriminating between levels of health, and mean scores did not decrease as expected between the excellentvery good and good categories of health. Although this could be caused by the nonproportional number of patients in each category, both Values are represented as mean (S.D.); *All F-values are significant at P < 0.001. Means in the same row that do not share the same subscript differ at P < 0.05 using Bonferroni post hoc tests. F = F-statistic from one-way ANOVA; RV: RV (ratio of F-statistics compared with HAQ-DI).
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Functional disability assessment in gout HAQ scores did show steadily increasing disability scores. Consequently, the PF-10 may also not be optimally responsive in clinical intervention studies. Therefore, it is suggested that future studies examine the relevance and comprehensiveness of all three scales in patients with gout. Qualitative studies (e.g. focus groups, cognitive testing) or combinations of qualitative and quantitative approaches such as those performed in RA [21] may provide more information about the construct of physical disability in gout and the content validity of the current measures.
It should be noted that a cross-sectionally observed ceiling effect alone does not necessarily point to reduced responsiveness, especially when a considerable number of patients truly have no disability [22] . It becomes problematic, however, when scores remain stable when functional status changes by other measures. Moreover, we did not specifically examine whether patients were experiencing a flare-up of the disease at the time of the study. It is likely that ceiling effects will be less pronounced during activity flares, when the disease has its greatest impact on functioning. Consequently, the responsiveness of the measures during flares should be further examined in longitudinal trials. Finally, the present study design did not allow us to examine other important psychometric properties such as testretest reliability and minimal important differences. Future studies should also examine these properties before the scales can be fully endorsed as adequate outcome measures of physical disability in gout.
In conclusion, the present study suggests that the HAQ-DI, HAQ-II and PF-10 are similarly reliable and valid measures of physical disability in patients with gout. However, more research is needed to examine whether their content validity can be improved and to evaluate their testretest reliability and responsiveness to change.
Rheumatology key messages
. The HAQ-DI, HAQ-II and PF-10 are reliable and valid for descriptive studies in gout. . The content validity and responsiveness of the HAQ-DI, HAQ-II and PF-10 need further study.
